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TECHNICAL MEMORANDUM X-73336

COMPEND IUM OF METEOROLOGICAL DATA FOR THE
ATS-F LAUNCH IN MAY 1974

|. INTRODUCTION

This report is a compendium of all the meteorological data collected as
a function of the Marshall Space Flight Center (MSFC)/Langley Research
Center (LaRC)/Kennedy Space Center (KSC) rocket exhaust effluent prediction
and monitoring program f{or the ATS-TF launch. The ATS-F was a Titan1II C
launch from Kennedy Space Center at 0900 EDT on May 30, 1974. The data
presented in this compendium were collected largely to support NASA/MSFC
diffusion predictions for the deployment of NASA/LaRC monitoring sites. The
joint solid rocket motor exhaust prediction (MSFC) and measurement (L.aRC
and KSC) program evolved in 1972 utilizing the Titan and Delta launches as a
source for empirical information that can he employed to more accurately
predict the environmental cffect of planned Space Shuttle operations.

These data are archived both as an aid in postlaunch analysis and
because they represent a unique set of atmospheric soundings with high temporal
resolution. Included in the report are the synoptic charts, surface observations,
and rawinsonde soundings made during this pcriod. There is no attempt to
analyze any of the data presented in this document.

I1. DATA

The data are listed in Appendices A through D: page numbers {or specific
data are given in the Table of Contents., The dates, times, and sources of the
data are listed in Table 1,

The synoptic charts ave [rom the series published weekly hy the
National Oceanographic and A tmospheric Administration (NOAA), The surface
data are from the Cape Canaveral Air Force Station {(lccation shown as KSC
meteorological station in Figure 1).

The rawinsonde runs were made with an AMQ-9 radiosonde (Fig, 2)
using the GMD-4 rather than the NOAA J005B radiosonde system. The

-
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TABLE 1. METEOROLOGICAL, DATA SUMMARY FOR ATS-F LAUNCH
ON 30 MAY 1974 AT 0900 EDT (1300Z)

————

Date Time
Data Type (May 1974) EDT Relative Source
Synoptic Chartsb 29 0800 T-25 hr NOAA
30 0800 T- thr NOAA
31 0800 T+23 hr WOAA
Surface Observations_ | 30, 31 0157 (30 May)| T- 7 hr 3 min USAF
to to
0057 (31 May)| T+15 hr 57 min
Rawinsonde 29 0115 T-~31 hr 45 min USAF
29 2300 T-10 hr USAF
30 0100 T- 8 hr USAF
30 0400 T- 5 hr USAF
30 0652 T- 2 hr 8 min USAF
30 0904 T+ 4 min USAF
30 1100 T+ 2 hr USAT
PIBAL 29 2100 T-12 hr USAT
29 2200 T-11 hr USAF
30 0000 T- 9 hr USAF
30 0200 T- 7 hr USAT
30 0300 T- 6 hr USAF
30 0500 T- 4 hr USAT
30 0700 T- 2 hr USAT
30 0800 T- 1 hr USAT

aRelativc to launch time; for example, 0902 EDT = T+2 min,

b . N .
Charts for surface and 500 mb; also included are precipitation and maximum
and minimum temperaturcs for the preceding 24~hr period.

c . . . . -
Location of the base station for upper air and surfacc obscrvations is illustrated

in Figure 1.
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temperature and humidity sensor data are transmitted ten times per minute in
the AMQ-~9 by a clock-actuated switch rather than the aneroid barometer switch
used in the NOAA radiosonde. Both systems measure azimuth and elevation
with the directional receiver in the GMD, A transponder in the AMQ-9 is used
to obtain the slant range to the radiosonde, enabling the calculation of altitude,
The pressure is then calculated according to the hypsometric equation. The
equations used in the computer program to calculate various thermodynamic
quantities from the basic altitude, temperature, and relative humidity data are
given in Appendix E,

Since it is envisioned that use of the rawinsonde data will be restricted
to studies of the stabilized Space Shuitle rocket hooster cloud, an altitude limit
of 6.8 km (20 000 {t) was chosen; all data beyond that altitude are not included
in this report. The excluded data are archived at+ MSFC and are available.

Winds aloft were also measured hy tracking an ascending pilot balloon
(PIBAL) witu a single theodolite. The height of the balloon is estimated by
assuming a constant ascent rate, The horizontal distance from the theodolite
to the point below the balloon at a specified time is a function of the elevation
angle measured with the theodolite and the height of the balloon. The azimuth,
or bearing, of the balloon is also measured with the theodolite. Successive
theodolite readings scparated by standardized time intervals are used for
calculation of the horizontal trajectory of the balloon. The wind speed and
direction in the layer through which the balloon has passec are obtained from
the vector drawn between successive horizontal projections of the balloon
position,

The data contained in this report cover a time period that is sufficient
for most anticipated meteorological analyses. The chronology of the data
relative to the time of launch is given in Figure 3. In most studies, data
within 1.5 hours of launch time are sufficient., To facilitate retriceval of these
data, an index is provided in Tahle 2 which gives the page number of data
obtained within 1, 5 hours of launch, It is understood that for dynamic situations,
such as the onsct of a sea breeze or the passage of a front within 1, 5 hours of
launch, the selection of data would have to he narrowed to a more appropriate
period,

11, LAUNCH CONDITIONS

At launch, the sky was overcast with high thin cirrus, the visibility was
10 miles, and the winds at the surface and aloft were generally from the
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OF T-0 (0900 EDT, 30 MAY 1974)

Time

T-1 hr 30 min (0730 EDT)
T-1hr 2 min (0758 EDT)

1-1 hr
T-1 hr

T-
T-
T-
T+
T+

(0800 EDT)

(0800 EDT)

50 min (0810 EDT)

4 min (0856 EDT)
0

4 min (0904 EDT)

56 min (0956 EDT)

Data Type

Surface Obhservation
Surface Obsecrvation
Synoptic Charts
PIBAL

Surface Obhservation
Surface Observation
Surlace Obhservation
Rawinsonde

Surface Observation

i At

TABLE 2, METEOROLOGICAL DATA OBTAINED WITHIN {1, 5 HOURS

Page
14
14
11

14
14
14
21
14
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northwest. The northwest flow was rcsponsible for the offshore transport of
the exhaust cloud,

Although there was significant convective activity beginning 2 hours
after launch, there was no evidence of rainfall in the vicini’ * of KSC that would
have interacted with the exhaust cloud.

. e e ——
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APPENDIX C

RAWINSONDE DATA
(1974)
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1.5
on.;
99,9
99,9
99,9

PLESS
"ﬂb

1bdg,70
vEG,v4
v47,98
¥314,/5
ot3,02
052,13
022,13
752,94
/64,08
(37,095
710,46
0E4,02
059,922
015,24
631,69
btg, 83
506,74
245,43
224187
204,30
44,93

PRESY
+Bs

106y
954
900
850
8t
7%0
700
650
600
580
500

SIGNIFILANT LEVELS

TEMP
DEG C

24,9
22,4
24.5%
161
17.3
1‘ '5
14,6

%ev PT

DEG C

21,4
1841
1243
16,8
14,1
15,8
14,2
842
68
5:6
1.0
-25.9
999
280
v24:2
99,9
99
9949
=27+9
9949
“38¢4
“38+¢0

PRESY
L1-H)

1044,90
96¢,50
934,93
897,354
88¢,40
867,28
83y, 47
758406
749453
720470
695,17
664,02
66V, 89
66019
639,78
629413
5!9052
526125
545491
507456
P2
49457

Kk
]

79
77
71
63
83
95
97
9%
96
95
76
11

999
999
999
999
999
¥99
999

v99

R
¥CY

/R
N

09
I
300
7%
3se
N
29
29
293
a
22y
T
196
187
104
1
100
184
19%
159
iee
140

AE v
G/43

18,15
16,87
15,89
11,17
11,49
12.35

11,24-

9495
g9
7.69
Bt
5.77
51
99.99
99,99
99,99
99.99
99,99

99499 -

99,99
99.90Q

~E*SITY
LY

‘175,44
119,67
119,24
‘078'23
051,53
1021,94
992,72
943,90
9%y, 37
$10,57
gg, 44
853,14
826,38
842,65
778,52
754,44
712,17
710,52
600,50
670,9%
6%¢,59

1/R

369
353
330
3y7
307
303
290
276
263
250
213
195
18?7
181
173
168
163
158
154
150
145

vs
'S

873
672
669
668
664
662
659
857
655
653
452
A
649
647
645
642
640
637
634
63
627

SKEAR
/SEC DEG

i ]
L0116 196
002 22
007 326
,008 3rg
010 by
L 010 25
L004 33
1001 e
603 308
003 322
L003 145
004 399
002 131
,003 1)
003 32
002 80
001 232
1001 296
001 263
,00¢ 311

o e e w———

R e 4
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TEST NBR 07670 08005 Ue«5KHR

Haw | NSONUE RUN AN/GMDw4

CAPE KENNEDY AFSs FLORIDA

velddes 3u MAy go724
ASCENT NWR 0326
ALTITUDE DR SPEED
2331 DEG  KTS
16 2w 4
3000 199 14
2000 200 18
3009 211 1
4900 234 5
3000 250 4
o000~ 237~ s
7000 241 4
8000 93 -4
900 0? L
0609 303 4
3000 289 [
200 282 -8
13000 201 6
{d000- - 323 3
1 I
1 - .
’ooo ai; §
180 . 34 .-
?g:: 349 :g
0000 338 15
ALTITUDE  DIR SPEED
FEET DEU KTS
101 294 11
1477 19% 15
3418 21 [}
sfae 256 .
8708 38 .
8479 30 5
18347 . 209 5
{3333 288 7
{a4ss 328 ]
1é720 338 8
e b 13
ALTITUDE DIk  SPEED
fexy Ded K1S
16 219 L]
420 204 12
184 108 1%
176 1ok 15
@i e 4
Teat 248 3
7628 276 3
vlal 298 4
8943 302 5
il 303 L]
1] 308 - 4
10099 290 6
{2009 2 8
12551 209 ?
3043 201 [
1331 308 3
16180 328 ?
18610 il (]
ivﬂs; 336 »
Yy 3sb 12
9¥el 330 14

TEn®
D86 ¢

22,1
3’6
224

# wkivRY LEVELS

TEMP
DEG €

De= PT
VEG C

20.7 -
20,1
16,6
14,8
1543
13. ¢
10,2
8,7
72
.2
2,6
1147
.1‘.“
99,9
999
99,9
09,9
«30,2

by

26,6

Dew AT
UEG €

2349
16,4
15,3
13,3
8,8
31
5,6
21,3
09,9
»38,3

34y 4-

RRESY
1411

104355¢--
999 -48
946}01
V13,43
883,74
885,94

2108
;'1QY’

3,06
He, 21
709,98
683,73
088,76
634,97
a13l12

388,38

[ PYYY L
HTHH

P24t -

503,48
.8..a..

PREEY
rgs

2000
95¢
900
850
800-
750
708-
(11]
Yl
3590
500

SIANIFILANT LEVELS

TEnp
DEG C

22,1
24,2
23,8
23,4
16,7
11,8
10,4
10,0

-3

13
- e m -

AW A RS> D

-

- ooo-uo?»

[ Rl
- o
- -
- .-

~13,

DeW P7
DEG C

207
2,y
19,3
16,3

PRESS
':H

191d,%0
999,37
908,95
983,98
872,94
786,42

Ry
441

299

¢
-8 - -

’
3

14
L]

37y
3
N
e

AB 4uM
[T}

| JEIRY

YEVSITY 1/R Vs SHEAR
/M3 N X1S  /SFC DEO
1185,43 17q 669 [ ]
1139 69 356 671 017 4198
114,89 329 670 02 214
1077,88 313 667 ,008 395
1048,59 312 664 011 14
1317.7! 296 683,003 ?

80,73 - 278 g1 002 190
961,:; ze: 638 002 42
9% ] 456 [ :
905:59 %32 654 :33: gg%
883,63 221 654 ,002 137
852,08 202 (119 1004 a9
829,97 194 649 . 003 204
798,06 178 648 004 11
775,02 473 646 009 (1%
792,94 168 643 003 ]
230,88 153 49 Q02 333
10,3z by §37  looe 397
689, o34 . L
swr'le 15 o32 :3:3 N H
440,99 14 620 007 02

ORIGINA;
()IP 1)()()13 1)‘1(;13 IE;
/
19
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PR st v v e e rfe o

TEST NBR 0800 07670 OMINLS

RAWINSONDE RUh AN/GMD"4¢

GAPb KENNEDY AFS, FLORIDA
1052‘ 3U MAY 1974

‘SQ§NT R 0327
ALTITUDE  DIR  SPEED
FEET DEG  KTS
16 230 4
woo 262 8
2000 257 8
3uo0 261 ?
4400 280 ?
5u90 284 8
6U00 23b ?
7000 250 &
8009 244 5
9000 275 5
10000 201 ?
{1000 298 8
12000 315 7
13000 322 6
10000 3p1 7
5000 299 9
16000 300 8
%7000 324 10
{vuge 332 3
19000 J4y 15
20000 35y 48
ALTITUDE  DIN SPEED
PEET rey «T§
431 268 ?
1y00 258 8
3433 268 6
>in 288 ]
8703 269 ]
n460 261 5
30347 294 ?
12293 316 b)
14403 297 8
18059 R3% 9
iv0y; 348 18
ALTIIUDE DIN  SPEED
FeET DES x1s
1o 230 4
age 268 ?
4368 280 7
4043 209 8
2383 286 8
»586 280 8
7304 241 H
778} 2386 s
W2 281 5
99203 288 [
3447 20b 8
ity 299 8
{1537 3gé 8
{2024 320 7
187232 3od 8
jeeda 3p8 ]
isvys 338 13
iua92 330 ¢
fviay 340 fa
20

TEVP neWw FT MISs
DEE C vEG C vgb
2y,7 19,9 103400
22,2 20,0 YEQ, 41
21,2 17,2 ¥e6,77
19,1 14,5 v14,90
16,9 12,0 vE2, 40
14,3 9.3 881,44
11.9 7.9 421,09
i¢,2 5,8 754,72
747 63 4e3.§s
6,7 4 135,62
5: 5,8 98,8
4,3 -20,6 082,8
1,8 =204 8b7,78
1,8 27,2 633,51
0,1 -24,5 609,¥7
.l -26,6 367 34
-4,5 »28,3 565508
7,1 29,4 "3',2
(3 - 27,8~ - 532"::"
*11.3 =35,6 292,
s gl 42,0

CAVDATIRY Leveld

TEuo ben PT PRESY
NFG C  UEG C *Bs
2% .0 21.7 ip00
21,4 17,5 ¥50
17,9 13,4 %00
143 9.2 850
13,4 645 800
7,5 3.3 750
4,4 5,5 700
2, 24,2 654
=1,0 e23,8 60V
«3,2 20,0 550
11,2 *3547- 500 -

SIANIFTuaNT LEVELS

TEm® New PT PRESD

DEG C "DEG € L]
e, 19,9 101,00
1.1 21,47 1000,8¢6
16,2 1104 87v.72
14.3 98 830,43
11,9 843 839,57
12,2 7.9 824,46
§,? 6:0 784,97
2,3 B0 769,24
é,6 0 733,66
6,3 *7:1 72¢,03
(¥R} 5.4 696,480
4,5 =214 68¢,44
3,4 *13:9 66?:29
2.4 26,7 I
1,8 #2744 571421
~%,3 *28,7 564,00
6,4 «2747 524,40
112 *2748 514,064
"11.4 =35,0 494,84

1/R

Jby
M
29y
293
274
73
e
a0g
28
a8
a3
196
1%
169
168
169
197
1%
140

AR HyM
G/M3

17,14
17,14
14,48
12,27
10,51
6,87
8,42
7006
7:42
4,09
L]
3.96
99
|51
167

149
43
154
124
Y31

“ENSITY
G/M3

1192,70
1149,99
1111,86
182,14
10%3,20
1026,20
968,40
969,14
942.;;
9
Bi;:o°
856,30
826,80
8n2,34
777,92
754.37
732,36
711,49
689,68
s87,79
646,84

I/R
N

368
§57
334
315
298
283
272
260
256
234

19?7
19

18

5178
172
166
163
15?7
150
145

Vs
KTS

668
67¢
668
668
663
6631
658
456
653
452
659
649
648
645
644
(YT
639
638
433
43

62

SKEAR
/SEL  UER

0 0
,009 286
+001 199
002 L1 ]
,004 354
2003 327
,002 180
4006 140
1002 100
, 0605 Jaa
1004 2
L0083 32)
004 [ 1]
L,003 ine
,008 292
,003 269
002 43
,008 23
.00;' 394
100 18
|°°. S.

. .-, —

e

L
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Raau U NETATE VAR E S R T

B Y

TEHT WHBR 08902 07670 Ted

NAWIISUNUE RUN Aw/G4D-4

CAPE AENNEDY AFS, FLOR]IA

13040 3 MAy 4974
ASCexT AR 328
ALTIIUUE  BIK  3PEED
FEET DEG  KTS
i6. 29 . 7
1u00 3g0 8
u0g- 290 a
3uoo 29¢ 7
4400 299 Q
5400 297 11
oupo- 292 11
000 284 19
suco 279 9
Yuoo 2n 8
10009 282 7
fivoo 298 7
12009~ 335 6
13009 32y 7
14609 Jz 9
{3v00 32t 11
foupg- 342 12
i7u00 352 14
-1tugg-- 386, 36
i9u00 2 16
20000 12 18
ALTIIUDE DR  SPEED
FEET PEL KT
45 Lov 8
1722 291 8
3863- 268 a
SU88 290 11
8743 . 286- 10
8204 269 9
13369 288 ?
12354 Ja2¢ &
1437, 327 )
16737 5 13
igies.. [} 17
ALTITUDE DN  SPEED
FEET DEG KTS
16 LT ?
aay 39y 6
1760 29e 8
4055 299 9
“ady 298 10
7003 273 9
vo89 278 8
17489 280 7
jerer 294 ?
i2in 3b s
fed30.. 327. 10
19248 3s? %)
18795 1 16
1v398 b 17

Ti 49
DEG *

2¢,?
22,8
2,4

ANQiwr e VA LG B

N RO s RN

8-

“19,8
~12,4

Temes e s 1o

Cee PT
vEd C

22.5

305
3513

YaNUe TTRY LEVELS

TEup
DEG C

2¢,8
2,6
19.5
5.0
114
el6
€e?
3.4
5
=5,0
10,7 -

Dcw 07
vEG C

19.%
17,6
12¢7
87
518
r3¢0
«1345
=22+8
«25.8
*26.8
«33,7 -

*23rp--

P ESY
hes

luis <8
ve1, 14
V47,52
v14,74
oty <2
022'49
422,44~ -
152,08
14,45
/136,486
710,18
0E4, 30
059,27
°0l5,v0
011,28
28,78
5¢6,06
245 21
254487 —
204,17
4a2°

HEESY
"85

1004
yol
110
85y
800
750
780
650
604
5%
500- --

EITNIFI?AvY LeVELY

TEuo
uFG C

°¢,?
2¢.®
27.P
18,4
167

Dew oY
DEG C

22,5
19.5
1843
13144
9.9
R T
104}
«11.8
«“5,%
“23+0
2440
“22.9
27,3
“36:8

PEESY
H

$015,¢0
100Ly2s
952,48
881,19
86b,29
779463
716445
202,84
68Y,49
654,37
1LY 1)
51,480
500,45
490,41

R AB Hy4
PCT G/M3
8y 19,69
79 16,11
7. 14,62
68 12,15
ba 10.05
65 8,47
69---- 7,82
68 690
62 5451
35 2.90
26 2104
36 2,1
16 1,19
12 L 68
‘0 '5‘
12 55
13 152
21 167
- 28 -— W77
19 43
iy 25
Ru
PCY
8z
T4
63
66
66
L]
29
12
12
16
14—
}/8
]
3¢
35
3¢
294
24
Fid]
(1%
1
e
1
iy -—
19
1%¢
148

‘EeS1YY
/My

1349,70
1145,24
1197,87
107,83
“g49,88
1024 80
994,42
967,30
94g.24
911,20
8Ry,30
883,79
826,75
8°1,40
775,74
792,43
791,05
7c9,77
686,48
6A8,64
647,57

1/R

76

51
334
313
294
280
279
258
244
221
209
207
192
4183
176
173
166
162
159
132
146

vs
«1S

674
870
679
668
665
€64
659
637
654
653
452
659
649
647
645
643
649
637
634
631
629

ORIGINAL PAGE IS
OF POOR QUALITY]

33 -

SWELR
/SEC  DEN

0 0
,003 J43
. 002 142
L0011 94
,004 32y
,003 2486
002 222
,004 181
1004 1%9
,001 74
,003 3s
,003 34
004 a7
,003 26
,005 325
002 33
005 4
,005 3
1002
, 004 46
,006 64

21
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NGR 0800 TPLUS 2HR

WAWINSONUE RUN AN/GMD<4
CAPE KENNEDY AFS, FLOR|DA

15004 3V MAY 4974
ASCENT NBR 0329
ALTIILUE Bl SPEER  TEmWp
ieet DEY KIS DEG €
16 3‘0 9 qu‘
1900 w2 ? 25,13
2u00 31e 7 22,4
Sugo 308 8 20,0
<u00 394 9 17,9
>u90 301 10 15 2
60U 298 il PN
7000 295 11 11,0
“U00 298 10 §ob
Ju90 3g0 8 L
10090 312 8 1,8
i1000 32% ? 5,6
12000 342 6 3,4
1’00 34y 6 1,%
19000 350 b &
15000 339 8 .1 8
lsuo0 342 [} 35
i7o000 1 9 -4,%
18000 18 10 LTI
ivooo 22 11 10,9
<9000 27 12 -12,3
ALIIIUDE  DIK SPEED  TEWP
PEET VEG kTS DEG C
459 338 8 27.6
1y37 313 7 22,6
3d74 300 8 19,0
»077 300 i0 14,9
8/%e 29 1 11,5
#3317 300 1 2,7
10888 318 s 6,0
12367 348 [ 2,8
14478 343 7 1,0
10737 356 9 -5,8
ivise 2 e 3
ALT1lUDE DR SPEED  YEMP
feet DEU K1S LCEG C
Y Jac 9 26,4
216 33 ’ 22.1
3109 3g7 8 19,8
7094 294 11 16,8
v/8s 392 8 8.3
9620 11 8 8,?
11405 N 7 4“7
izlee 4 [ 3,4
13014 340 'y 1.4
isvag 381 7 6
jedes 34 4 w48
17378 v Q e, 0
ivias 2 12 117

» 22

MANDATORY LEVELS

NeW PT
QEG c

19.0
17243
12,9
2.3
6,9
1,7
8,4
19,7
~28,6
«25,9
*31.6

PHES)
*BS

1045,40
¥Ey,01
v4B,02
v15,9%
8t 3,57
832 o0
822,48
793,42
/64,09
137,¢4
730456
0t4,/2
046,04
835,29
811,70
518 83
u06, 08
248,19
354029
204,03
NPT

PRESS
*RS

4000
FLY']
900
890
{113
750
700
650
(11}
550
800

SIANIFIUANT LEVELD

Dew PT

“DEG C

21,3
1749
1245
57
9
8.9
e10.4
«2047
“17.%
*28+6
=283
"20.9
«32.3

PLESY
Hys

1019,20
947,90
911,98
790,40
743,00
720,00
674,47
654,27
834,94
613,11
556,43
837424
495,73

J/R

so2
N
sua
PP
24

i
1%
(1]

'
103
iy

AB HUX
G/ny

17,9
13,78
14.48
11,08
9.92
9,00
8,28
7.1
6428
4,26
2446
2,32

182
46

49
74
+43
138
.58

“ENSITY
G/NHS

118,90

1137,3

1108,79
1on1.09
10%3,45
\o?"ao
905,85
968,24
938,68
990,10
8Ag, 43
854,40
879,71
8n5,24
776,61
795 64
731,83
711,94
69338
649,36
‘l‘-’“

17k

362
334
333
307
294
283
p72
209
2448
229
211
293
192
187
174
171

163
158
152
148

vs
K18

678
873
670
66?7
66%
663
659
657
659
654
653
650
6456
646
444
642
640
636
633
631
29

SHEAR
/8EC k8

[ L}
L0068 ivy
00¢ 259
L0024y
,002 283
002 28
003 i
,001 199
002 9
003 a3
002 58
003 58
004 89
o0 73
, 003 154
003 279
4003 26
,009 72
1009 &9
1083 68
002 73

P
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APPENDIX D

PIBAL DATA
(1974)




/e

-
T

FYEST NEWUSU0S
SINSLE THEODOLITE PIBAL
[ i 1 £ S
1002 30 MAY 1974
T WIND  WIND

| 1. IR SRD
I DEG KIS

16 170 6

] 2000 163 21

[~ 3008 161 22

4000 193 20

5500 153 I8
6000 210 8

[ To00

' 8000 293 16
9000 29%
10000 298 2%
171600 238 25
12000 293 26
291 26
14000 289 2%
16000 289 18
R S 1L N [ AR

! TEST NOHOBEES -

_SINGLF THEQDOLITE PIBAL

l 4002 30 MAY 1974

[ ALY ilﬂbl““‘iTﬁﬁ"
T, DIR SPD

I DEG L3-2
L 16 200 4
[ 1000 197 14
i 2000 197 21

3000 19% 22

4000 189 1?
l 8000 19 11
' 6900 221 14

}__ 8000 267 13
B L B S - S v
10000 291 18
TIF60 310 vV
12000 299 11
- - !
L. 14060 308 12
- 157 T
YT11) 3 10
} —34] = B
URIq

R QU IS
ALy

1

TEST NBROSOOS

PIBAL _
CAPE KENNEDY AFS
ALT WIND WIND
FT. DIR SPD
DEG KTS
1% 180 10
loc0 178 20
2000 181 21
3000 174 28.
B 4000 169 28
5000 181 18
€000 211 18
7000 229 13
8000 282 13
5000 300 16
10000 299 17
11000 298 2%
12090 292 24
13000 294 26
14000 293 28
15000 297 25
16090 3902 17
17000 34 14
¥y .
WEO0OL I T8 PIBAL
L 6002 3¢ #AY 1374
Spo
)7 B “RYS
s
21
3]
17
11
‘, lq
8
g
6
- —
I58 S
10
1
8
. N

e e e Nt
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TEST NBROBOOS

CAPE KENNEDY AFS
7007 30 MAY 1974

PIBAL _

ALY WIND WIND
_F1a. QIR SPD
DEG KTS
16 200 4
1000 20¢ 15
2000 198 .23
3000 197 22
4000 202 22
$000 246 9
6000 268 _ 8
7000 2e3 (-]
000 2671 5.1
So00 255 5
10000 230 4
11000 21% 3
__3a2 5
13000 307 7
14000 312 hd
15000 341 7
16000 300 12
17000 282 12

1 TESY RBROBGOE

SPNALE TNEODOLITE PIBAL
) CAPE KERREDUY AFS _
] 13062 30 MAY 1974

o]
Fl«  DIR SPD
‘ 16 230 3
Ty
2000 264 13
}—“ﬁmr“—‘mr———ﬁ_
4000 262 11
} -5536 263
4000 280 10
77000 T 294 11
: 8000 297 1)
9660 289 T 14
10000 269 10
IR0 T ORI g
L_ 12000 ~~n224 10
TTYI6N0 T2 T IT
14000 Jié 19
—
16000 288 12

TEST NBROSOOS
SINGLE THEQDOLITE PIBAL_
CAPE KEMNEDY AFS

aLT WIND WIND
FY, nIR SPQ
DEG KTS
16 210 4
1000 226 16
2000 2138 29
3000 232 19
4000 222 16
5000 227 13
6q00p 225 )
7000 239 5
8000 256 12
9000 260 1o
10000 2471 9
11000 246 12
12600 268 [
13000 194 3
14000 263 )
15000 2687 5
2860 =005
17000 280 14

WBROBEOS T
bt DLW

[ 12002 30 MAY 1974
ALY .

LA DIR Shy

' DES g

16 230 4

1000 21 )
‘2000 2n 7
13068 280 T
4000 299 6
I
i
8000 242 8

8

—
tees 278
—“‘%;iii“ 28 T W

OR? ’(‘\'_NAL ¥ AJE pS

o e L LI

25
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APPENDIX E

CALCULATION OF THERMODYNAMIC VARIABLES
FROM RAWINSONDE DATA

%RDING Pagp
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The cquations used for calculalion of thermodynamic
variables from measurcments of altitude, temperature and
- rclative humidity obtained from the GMD-4, AMQ-9 rawinsonde
system are summarized herein; thesce equations, originally
developed for the GMD-2 system (Ref. 1), must be used in
conjunction with the lisst of symbols and units provided at
the end of this appendix.

Atmospheric Densitvy, p

_ . . P
p = 318.38 T
v

Pressure, P

p = p'1o-(h-h')/(221.266 T_ )

Geopotential Tleight, o

EQ reu

9.8 rO+II

h =

Virtual Toemperature, Tv

¥
TV = T(1 + .376932 ¢/P )

Mean Virtual Temperature, Tvm

'l\ 1 + l'l‘
-V v

v 2

Vapor Pressure, ¢

7' + L)
¢ = 06.11 I'D 10 5t/(t +237.3)
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' Dew Point Temperature, t

[y \lﬁ‘.

d

¢ = 237.3 log ¢ - 186.527
d 8.236 - log ¢

Potential Temperature, O

.288
o0 =T (1000)

p

Virtual Polential Temperaturce 0

o (1000) -288
o =7 (LU0
v v P

Absolutce Humidity, Pw

Py = 216.7 e/p

Microwave Relfractlive Index, n

II‘

N +[] (77.6P—110 + 374808

rl\
For data tabulation, use:
N = (n-1)10°

Speed of Sound, Vq

' o \0.5
. V_ = 643.855 (;———-)

273.16

] s
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LIST OF SYMBOLS AND UNITS

vapor rressure

relacive humidity expressed
as a decimal

i.cceleration of gravity at
geographical location ol the
rawinsonde station

geopntential height at the top
of the layer bounded by h and h'

geopotential height at the
bottom of the layer bounded
hy h and h'

geometric altitude at Lhe top
of the layer bounded by I and II'

Geometric altitude at the
bottom ol the layer bounded
by H and H'

microwave refractive index

unit of refractive index used flor
simplilication of data tabulation

pressure at geopotential height h
pressure at geopotential height I
radius of the carth

temperature

temperature

doew point temperature

virtual temperature at
geopolential height h

millibars (mb)

s

meters/seconds

I3

(m/sccz)

feet (It)

(re)

(fe)

(£t)

(mh)
(mb)
(ft)
degrees Celsius (°c)
degrees Kelvin (°9K)
(°C)

(9]

(K)

———
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. TV' virtual temperature at geopotential (OK)
height h' §
. Tvm the mean virtual temperature of (OK)
layer bounded by h and h'
VS speed of sound ) knots
p atmospheric density grams/meter3 :
(gm/m>) %
Py absolute humidity (gm/m3) ‘
0 potential temperature (OK)
Ov virtual potential temperaturec (OK)
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